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(54) Crosstalk suppression in a muHipalh optical ampilfier 

(57) A muHi-amplification path optical amplifier 
including a first amplification path for propagating and 
amplifying a first in-t)and optical communication signal, 
including a spectraDy selective fDter for sttetantially 
blodang the propagation and amplification of an out-of- 
band optical communk:ation signal along the first ampli- 
fication path, and a seoorxJ amplification path for propa- 
gating arxJ amplifying a second in-t)and optical 
communicatfon signal, including a spectrally selective 
fitter for substantially bkxildng the propagatfon and 



an^slification of an out-of-band optical communication 
signal along the second amplification path, wherein the 
focation of the spectrally selective f aters in each respec- 
tive anplification path is selected so that a target noise 
figure performance and a target output power perform- 
ance can be obtained from the device. The spectrally 
selective insertion losses suppress crosstalk or optical 
leakage that gives r^e to multipath interference, retum 
foss. and self osdilation. 
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Description 

Background 

5 This inverrtion relates to multi-wavelength optical signal amplification dek^ces and optical telecommunications sys- 
tems utilizing such devices, and in particular to a dual amplification path (multichannel) optical amplifier having selec- 
tively located spectral filtering for suppressing crosstalk induced multipath interference (MPI). return loss (RL). and self 
oscillation, and which also provides for a desired level of noise figure performance and output power performance (i e., 
punp utilization efficiency) notwithstanding Inaeased filter insertfon loss. 
10 The term "crosstsUk" as used hereinafter will refer to an amplifier gain and reflection dependent phenomenon that 
is the genesis of muttipath interference (MPI), return loss (RL), and seH-osdllatton. each of which are detrimental to 
good performance of a fitter optcal communications system including an optical amplifier. The source of crosstalk 
induced MPI is illustrated in Figure 1 . which very generically shows a t>i-directional optical amplifier including a west-to- 
east optical signal transmission/amplification path 1 -2-3 (where 1 and 3 are a west and east reflection, respectively, and 
15 2 is a gain from west-to-east) for wavelengths Ak^ , for example, and an east-to-west optical signal transmission/ampli- 
fication path 3-4-1 (where 4 is a gain from east-to-west) for wavelengths AX2. A AK^ hAP\ loop is represented by nodes 
1-2-3-4-1 (i.e.. AXi input-Gi-RE-G2-f^)- Interference between originally transmitted AXi signals and A^i signals tra- 
versing the MPI loop gives rise to MPI. Likewise, node path 3-4-1-2-3 represents a AXg MPI loop. 

Return loss (RL) refers to AX-i signals traversing nodal path 2-3-4 (i.e., Gi-Re-Gz), and/or 6X2 signals traversing 
20 path 4-1-2. and represents the effective return reflectivity off the amplifier as seen by the communication system. 

Self oscillation in the ampfif ier (laser oscillation) will occur when a loop or cavity is set up in which the gain exceeds 
the losses. Therefore. e.g.. rfGT + Rw + <32 + ^E>0. then lasing will likely occur. 

Although the following specification will describe the invention in terms of a bi-directional (two counter-directional 
anplification paths) optical amplrfier. the invention equally applies to a multichannel, unidirectional (two co-directional 
25 amplification patiis) optical amplifier. 

A bi-directional optical signal amplifying devfoe may typically provide a signal anplification patti in substantially one 
direction (e.g.. east to west) for one or more in-band communication channels witiiin a particular frequency band (e.g.. 
the "red" band or hereinafter. AXi). and a second signal amplifying path in a counter propagating direction {i.e.. west to 
east) for one or more in-band commjnication channels in a different frequency band (e.g.. "blue" band or hereinafter, 
30 AA.2). Optical anplifiers used in optical communication transmission systems typically incorporate an optical isolator in 
the anpfif ication patii for filtering unwanted reflection or to sippress the build up of spontaneous emission, tiie effects 
of which impair anplif ier and system performance. Although it is well known tiiat wosX "all optical" amplifiers, such as 
erbium doped ftoer anplifiers (EDFAs) and semiconductor arrplifiers. for exanrple, will amplify an input signal regard- 
less d the direction that the signal enters the devfoe. the use of an isolator in the amplification path essentially restricts 
3S such a devfoe to substantially uni-directional operation. Optical amplifiers tiiat are functionally bi-directional, on tiie 
ottier hand, and particularly those tirat include a substantially uni-directional amplification patii for each counter propa- 
gating signal band, respectively, require means fbr primary signal routing through the respective counter directional 
anplification paths. The means for routing ttie primary counter propagating signals may include, tor 63cample, optical 
circulators or wavelength selective directional f Stars at each input/output port of the t>i-clirectional amplifier. Optical dr- 
40 culators are not preferred primary signal routing components for use at tiie Irput/output of a bi-directional optical ampB- 
f ier because tfiey are not wavelengtti selective devices and they are expensive. Currentiy avaflable wavelengtti selective 
directional filters, particularty single stage components, lack the capability to provkje the desired degree of spectral 
band discrimination within a desired narrow spectral range. For instance, in an EDFA. ttie gain spectrum window is on 
the order of 30 nm (1530 - 1560 nm). As shown in Rgure 1 , a typical interference filter can provide approximately 10 dB 
45 spectral band discrimination through attenuation from reflectioa This occurs, however, ever a finite spectral range 
accompanied by a spectral "dead zone" of about 3 - 10 nm adjacent the signal band, instead of ideally as a step func- 
tion, as shown in Rgure 5. The dead zone thus reduces ttie communication signal channel availability in an already lim- 
ited spectral window. Moreover, the 10 dB attenuation typically is not sufficient to efiminate MPI. RL and self oscillation 
effects due to, for exanple. reflected and double reflected AX2 light (from connectors or Rayleigh scattering) propagat- 
so ing in and being anpWied by ttie primary amplification patti for AK^ light and vice-versa. More specifk^lly. we have 
found that the most aitical need for wavelengtti selective isolation in a bi-directional optical anplifying device is to sup- 
press crosstalk induced MPI. RL, and self oscillation. Even wrtii tine use off isolators in ttie uni-directional amplification 
pattis. MPI, fbr exanple. can occur due to light (ag.. in-band AX^) ttwrt propagates ttirough the amplifier, gets reflected 
by some mechanism in an optical path of ttie system, and counter propagates through tiie amplifier atong the primary 
55 anplification patti for AX2 light (i.e.. as out-of-band AXi. by going ttirough ttie 10 dB wavelengtti selective routing filter 
via ttie nominally sippressed patti for AA.^ ). hitting anottier system reflection on ttie other side of ttie anpliTier, and finally 
propagating again in ttie original intended direction of Ak^ (as in-band AXi). to be reamplified. One proposed solution 
to ttiis problem is to increase ttie spectral isolation at the amplifier input/output routing locations to the primary, subslan- 
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tially unkjirectional amplification paths tor the respective In-band signals by. for example, using miiti-stage filters at the 
irput/output ports of the anrpiifier. Ihts, however, also introduces increased insertion loss into the device which is not 
preferable as it is well known to those skilled in the art that increasing the insertion toss at the input end of an optical 
airplifier results in an overall increase in noise figure (due to signal spontaneous beat noise) of the device, whfle 
5 increasing the insertion loss at the output end of the amplifier resuHs in decreased output power for a given pump 
power. 

The inventors have therefore recognized a need for providing nrteans for efficiently routing the respective commu- 
nication signal bands into and out of the amplifier and. moreover, for sufspressing unwanted (out-of-band) wavelength 
propagation through the anplifier that, if ureuppressed. results in crosstalk induced MPI. RU and seH oscillation, while 
10 not adversely inpacting the noise figure and output power perfomnance of the amplifier due to the increased insertion 
loss resulting from the spectral filtering. 

Summary of the Invention 

IS Adcfitional features and advantages of the invention will be set forth in the description which foBows. and in part will 
be apparent from the description, or may be leamed by practice of the invention. The ot^ectives and other advantages 
of the invention will be realized and attained by the apparatus and n^od partteularly pointed out in the written desCTip- 
tion and claims hereof as well as the appended drawings. 

To achieve these and other advantages and in accordance with the purpose of the invention, as embodied and 

20 broadly described, an embodiment of the invention descrtoes an optical signal amplification device having a substan- 
tially uni-directional first primary amplification path for amplifying an in-tand wavelength band. AX^. and a second sub- 
stantially unidirectional primary amplification path for amplifying a different in-t)and wavelength band. AXa, wherein at 
least one of the first and second anrplification paths includes a wavelength selective insertion loss for siiDstantiaily 
blocking the propagation of out-of-band signals In the amplification path, further wrherein tiie location of the wavelength 

25 selective insertion loss in ttie anplif ication path is selected to provide either a target noise figure performance or output 

power performance from the device. 

In an aspect of this embodiment, tiie wavelength selective insertion loss a dielectric optical interference filter. In 
alternative aspects of this embodiment the wavelength selective insertion loss may be obtained from, for example, a 
fiber distributed Bragg reflector, a long period grating coupler filter, and a wavelengtti dependent f foer couplendevice 
30 such as a twisted evanescent or multidad type WDM device. 

In an aspect of the entxxliment the anplification path includes a rare eartii doped optical fiber waveguide, such 
as an eriaum doped fiber (EDF), for example. The invention, however, is not lintited to f a>er gain media, but may include - 
a planar gain medium; and said gain media may include any of a variety of host glass compositions inducfing silica. 
ZBLA(X). and oxyhalide (e g., oxyfluoride} or ass-ceramic compositions having appropriate lasing dopants incorpo- 

35 rated tiierein. . 

In another enfoodiment the Invention descrfoes a bi-directional optical signal amplification device that mdudes an 
irput/output port for an optical signal t>and AXi and for an optical signal band AX2. respectively, and anottier input/output 
port for an optical signal band AX2 and for an optical signal band AXi . respectively; a substantially unicfirectional first pri- 
mary amplification patti for in-band AXi including a waveguiding gain medium and a first wavelength selective insertion 
40 loss k)cated along said gain medium for substantially blocking propagation of out-of-band AX2 along said first amplifica- 
tion path while substantially aOowIng propagation of in-band AX^ along sakj amplif ication path; a sU>stantiany unidirec- 
tional second primary anplification path for in-band AX2 including a waveguiding gain medium and a wavelength 
selective insertion foss located afong sakJ gain medium for substantially blocking the propagation of out-of-band AXi 
along said second anplifying path while substantially allowing the propagation of in-band AX2 along said ampliffoation 
45 patii ; first convnunteation signals routing means coupled to ttie AX^ - input/AX2 -output port and further coupled to said 
first anplrf ication patti for substantially directing said AXi communication signals input to said port to said first amplifi- 
cation path; and second communication signals routing means coupled to sakJ AX2 -input/AXv output port and fulher 
coupled to said second amplHication patti for substantially Greeting sakl AX2 communication signals input to said port 
to said second anplification path. In an aspect of this embodiment, both the directional routing means and ttie wave- 
so length selective insertion foss components can include, for example, a fber distributed Bragg reflector, a tong period 
grating coupler f flter, and a wavelength dependent ftoer coupler device such as a twisted evanescent or multidad type 
WDM device. 

In anottier enixxliment ttie invention describes an optical signal transmission system induding a transmitter and a 
receiver and an optical anpWier having at least a first and a second substantially uni<iirectional primary amplification 
55 patti for different in-band wavelength bands. AXi and AX2. respectively, wherein each said ampW fcatim patti indudes a 
waveguiding gain medium and a v^ravelength selective insertion loss located along said respective gain media for sub- 
stantially preventing ttie propagation of an out-of-tand optical communications signal along said respective amplif ica- 
tion path, further wherein said wavelengtti selective insertion losses are tocated in their respective ampOf ication paths 
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to provide either a target noise figure performance or output power performance from the device. 

Another entxxOment of the invention describes a method for suppressing crosstalk induced MPI. RL, and self oscfl- 
lation in an optical amplifying device while maintaining a desired or target level of noise figure performance and output 
power performance of the device, induding the steps of routing a communication signal sut)stantially including an in- 
band wavelength band AXi to a first substantially uni-directional gain path; providing a wavelength selective insertion 
loss in said gain path for sut)stantially blocking the propagation of an out-of-band communication signals substarrtially 
including a wavelength band Akj2 while substantially allowing the propagation of in-band AXi; routing a communication 
signal sid)stantially including the in-band wavelength band AX2 to a second substantially uni-directional gain path; and 
providing a wavelength selective insertion loss In said second gain path for substantially blocking the propagation of 
out-of-band Ak-^ while sut>stant!ally altowing the propagatton of AX2. wherein said insertion tosses are tocated in said 
respective gain paths to provide a pre-insertion loss gain and a post-insertion loss gain that provide either a desired or 
target noise f igure performance and output power performance from the device. 

It is to be understood that both the foregoing general description and the following detailed description are exem- 
plary and are Intended to provide further explanation of the invention as claimed. 

The acconpanying drawings are included to provide a further understanding of the invention and are incorporated 
in and constitute a part of this specification, illustrate embodiments of the inventfon and together with the desaiption 
serve to explain the principles of the invention. 

Accordingly, the invention is directed to an apparatus and a method providing such features. 

Brief Description of ttie Drawings 

Rgure 1 is a schematic representation of a generic l>i-dlrectional optical signal amplification device having counter- 
cfirecttonal anplification paths for respective in-band communication signal wavelength bands AX^ and AX2; 

Rgure 2 is a more detailed view of one of the amplification paths of tiie device of Rgure 1 ; 

Rgures 3A and 3B are respective counter-directfonal. uni-directional amplifying paths of a bi-directional signal 
anplification device according to an embodiment of the invention, including a wavelength selective insertion loss 
located along the amplification path; 

Figure 4 is a graphical representation of the pump power (required to maintain a given output power) and noise fig- 
ure (opposing y-axes) as a function of gain partitioning due to insertion loss location (x-axis) in an amplification patii 
of an exemplary optical signal amplificatton device according to an emtxxjiment of the invention; 

Figure 5 shows kieal (soOd line) and practical (dashed line) transnrissfon/attenuation curves for a conventional 
directional routing filter as a function of wavelength. 

Detailed Description of a prefenred E mbodlnnent of the Invention 

Reference will now be made in detail to the presem preferred enrtxxiiments of the invention, examples of which are 
illustrated in the acconpanytng drawings. Rgure 1 shows a form of a generic bi-directional optical signal amplification 
devfoe 10 for gukfing arvJ amplifying optical signals In a first in-band wavelength band AXi, in a west to east direction 
and for simultaneously propagating and anplifying optical signals in a second in-band wavelength band AK2, in an east 
to west direction. The devk;e 10 comprises a first substantially unkfirectional primary ampliftoation patti 21 for in-band 
wavelength band AA.^. and a counter-directional, substantially unidirectional second |3rimary amplification patti 23 for in- 
band wavelengtti bandAXg. for amplifying and propagating respective optical signal wavelength bands A^i and AA^. 
simultaneously, in opposite directions as shown. Amplifying paths 21 . 23 are coupled to a transmissfon ftoer 1 by 
a first optical signal routing means 13, and to the transmission fber 1 least by second optical signal routing means 15. 
In a prefened entKxliment of the invention, the routing means 13. 15 are wavelengtii selective directional filters such 
as dielectric interference f flters, for example. Optical circulators, used alone or in combination witii a grating, for exam- 
ple, are alternative optical signal routing oomponents. as are ffoer distrttxited Bragg reflectors, long period grating cou- 
pler filters, and wavelength dependent fiber coupler devices such as twisted evanescent or multiclad type WDM 
devices. As shown in Figure 2. each primary anplification path 21 . 23 includes a respective wavegukfing optical signal 
gain medium 17. 19. which preferably comprises an erbium doped ftoer 31 and a pumping source 37 coupled thereto 
by a fiber optic coupler 35 or equivalent device known to tiiose skilled in ttie art for coupling purrp power into an active 
fiber. An optical isolator 39 is optionally located along tiie active fiber waveguide 31 to tiock backwand fraveling light 
from entering ttie active ftoer; i.e.. to render the amplifwation path substantially unklirectional. The invention, however, 
is not limited to gain media comprising eit>ium doped f toers, but may alternatively comprise otiier rare eartti doped fiber 
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waveguides, ptenar amplifying waveguides ttwt are weU known in the art. or other fiber or planar waveguide conposi- 
tions induSng oxyhalide (e.g.. oxyfluoride) glass ceramics. ZBLA(X), and others ioiown in the art. 

Referring again to Figure 1 . optical communications signals sutistantially comprising in-band AX, approach the 
device 10 from the west along transmission fber 1 1w where Ihey are input to the device via first signal routing filter 13. 
5 RRer 13 Is designed to effidently route a maximum amourt of in4)and AX, input from the west to an^ 
and to allow a maximum amourt of iivtend AXz input from the east along path 23 to get to transmission fb^^ 

wise optical communications signals substantiaDy comprising in-band AX^ approach the device 1 0 from the east along 
transmission f ber 1 1 g where Ihey are Input to the device via second signal routing f ilter 1 5. Rtter 15 is designed to etfi- 
dentiy route a maxinwm amourt of irv4>and AX« from transmission fiber 1 1 E to path 23 and a inawn^ 

10 band AX.1 coming from amplification path 21 to get to transmission ftoer lie- 

Due to conventional filter technology Dmitations. filters 13. 15 will at best have a signal routing eHmency of about 
90% i e if filter 13 is designed to direct a maximum amount of in-band AX, signals to path 21 for propagation and 
anwiification it will be realized tt«t filter 13 imparts about 10 dB insertion loss to the incoming signals, therefore about 
10% of the input light is not directionally routed as intended but instead is transmitted to path 23 where it will typicaDy 
IS be extinguished by an isolator (not shown). The in-band AX, light that is directed by routing filter 1 3 to path 21 . and ulti- 
mately to east transmission fiber 11 g via routing filter 15. wHI inevitably be reflected, in part, back to routing filter 1 5 due 
to system reflections mduding. but not limited to. splice misaDgnment. connectors and Rayleigh scattenng. Although in 
a preferred eirtxxliment of the invention f Mers 1 3. 1 5 are wavelength selective, a smaO portion of the reflected AXi light 
along fiber 1 1 = vwll be passed by filter 15 to amplifying path 23 (as out-of-band AX^ light for this amplification path). 
20 whereupon it will be anplif ied by gain unit 1 9 and directed viaf liter 13 in the v»est direction along transmissron fiber 1 1 w- 
This small amount of out-of-band AXi '"ght is not blocked by filter 15 because of the non-ideal dscrimination capability 
of the filter a consequence of the smaD but f inrte (typically 1 0%) transmitlance of the filter (for predominately reflected 
lighQ Additionally, due to the same filter limitations, light in the spectral dead band adjacent or in between, but not 
within bands AX, and AXg. can be routed along either amplification path, making the amplifier susceptible to self osal- 
2S lation ' for exanple. whereby any aggregate path gain exceeds the aggregate path loss resulting in the potential occur- 
rence" of laser action. A portion of the amplified out-of-band AXi Hflht from path 23 traveOng along fiber 1 lw will again 
inevitably be reflected by one or more reflection points along transmission fiber 1 1 w whereupon a maximum amount of 
this reflected light will be reintroduced into primary amplifying path 21 (as in-band AXi BflW) via routing filter 13. This 
light will be anplified by anplifying unit 17 and input into transmission fiber llg in the east direction via f«er 15 as 
30 desCTibed above. This double reflected ax, light will give rise to MPI with the originally transmitted AXi ligW. likely to 
cause a degradation in system perionnance. It virill be appredated that the exact same phenomenon wdl occur wrth 
respect to AXs light originaDy input to the device from the east. While it is appredated that multiple, additional stages o* 
inserton loss ooukJ be provided at the device input/outout locations 13. 15 to suffidentty stress crosstalk induced 
effects it is also well known that inaeasing insertion loss before, or at an earty partition of. signal gain wai increase the 
35 noise figure of the system, while increasing insertion loss after, or at a later partition of. signal gain will decrease cutout 
power for a given puirp input Therelbre. while routing filters 13. 15 are intended to most effidently route the communi- 
cation signals to their appropriate propagation/&mplificaBon paths. wavelengBi selective filter means 41 . respec- 
tive anplifying paths 21 . 23. are provided to respectively block out-of-band AX^ light from propagating along path 21 and 
out-of-band AXi "9^ ^om propagating along path 2 3. as shown in Rgures 3a and 3b. In a preferred embodiment of the 
40 invention wavelengthselectivefiltermeansAI. 43aredielectricinterferencefilterssimilartotiltersl3. 15. Those skilled 
in the art. however, win understand that any appropriate spectral filtering components or techniques vmll wori^ as long 
as the maximum amount of in-band signals are altowed to propagate along their intended path and a maximum amount 
of out-of-band signals are prevented from propagating atong the path intended for the in-band signals. Examples 
such conponents indude a fber distributed Bragg reflecta. a long period grating coupler filter, and a wavelength 
45 dependent ftoer coupler device such as a twisted evanescent or muWdad type WDM device. 

In adcfition to the spectral f fltering characteristics of f Bters 41 . 43. per se. the location of these filters in ttwr respec- 
tive gain paths is inportant due to the insertion losses associated therewith and the weU known effecte of inserton toss 
location on noise figure and output power pertomiance as a function of gain partitioning. This can be seen vmth refer- 
ence to Figure 4 whtoh shows the pump power (required to maintain a fixed output power) and noise ^'Si^e (f 
so for signal spontaneous beat noise) as a function of how the length (and therelbre. gain) of ttie erbium doped fiber (EDF) 
of an exenplary EDFA according to an embodiment of the invention is partitioned between two sections or stages of 
the EDF In this eirtxxllment. a two stage EDFA induded an input insertion toss of 2.2 dB, and was pumped at 980 nm 
using a punp feed-fbnwaid design. The dashed Ime shows the pump power required to adiieve a 70% inversion level 
in the EDFA with approximatdy 29 dB of gain provided by the EDF The solid fine shows the noise figure of the dence 
ss under the same conditions. Figure 4 deariy demonstrates the trade off between noise figure and pump utilization elf i- 
dency as the insertion loss location partitions the gain between the two stages of EDF Moreover, tiie figure points out 
that there is a limited range of locations in the gain path for the insertion loss where its impact on both noise f igure per- 
formance and output power pertonnance wiU be acceptable, and whidi will allow a desired or target noise figure per- 
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formance and output power perlbrmance to be realized from the device. Typically, one will have an output power 
requiren^, to meet within a desired noise figure range, or vice versa, and these design parameters will indicate to one 
skilled in t^ie art where l)est to locate the insertion loss due to the spectral filtering provided by filters 41, 42; i.e., how 
to partition the pre-insertion loss gain and the posl-ireertion loss gain. 

Exarrple 1, below, illustrates an exemplary embodiment of the invention relating to suppression of crosstalk 
induced MPI. 

EXAMPLE I 

Given the following parameter values: 

P (critical crosstalk gain limit; i.a, magnitude of the secondary pulse with respect to the primary pulse) = (-)43 dB; 
Qaxi O-e - 9^'" ^ in-t>and AXi signals along primary amplification path) = 27 dB; 
Gax2 O-e - 9^" ^ in-band ^ signals along primary arrplification path) = 27 dB; 
Rworet case O e.. worst case reflection requirement in a given direction) = (-)24 dB; and 
Qout^W)and AX1 0-6., gain ibr out-of-band signals along an ampltfication path ) = 27 dB, then: 

Ga).2 + Reast + Gout-of-band AX1 + "west < ^ Suppress MPI. 

Substituting the given values reveals that an additional 50 dB loss is required for the out-of-band light to meet the 
stated MPI requirements. Taking into account that routing fitters 15. 13 will each provide up to about 10 dB attenu- 
ation for irfHit optical signals, an additional 30 dB insertion loss for the out-of-band signals is still required. There- 
fore, one or more stages of insertk>n loss, via fitter 43, for example, each blocking up to about 90% of reflected out- 
of-band AX-i light in path 23, are positioned along the ertDium doped fiber 31 in tiie second amplifying path 23 at a 
location that enables the device to deliver either the target noise figure performance or output power performance, 
while also blocking the out-of-tend AXi sufffidentiy to meet the given MPI threshoW requirements. Similar calcula- 
tions are made for the out-of-band AXs signals and the kxation off f ilter(s) 41 in path 21 . Moreover, similar calcula- 
tions can be made by one skilled in the art to detemiine the necessary insertton loss to sufffidentiy efiminate 
crosstalk induced return foss and self oscillation effects. With respect to return loss (RL). iff RL limit = X , for exam- 
ple, then RLeast=Q+Rw + Q<X. and RL west = Q + + Q < X. A communications systems design will 
typically specify tiie value off RLlimit- 

It wiD be apparent to those skilled in the art that varfous modiffications and variations can be made in the apparatus 
and method off the present invention without departing ffrom the spirit or scope of the invention. Thi«. it is in twde d that 
the present invention cover flie modifffoations and variations of this invention provMed tiiey come within the scope of the 
appended daims and their equivalents. 

Claims 

1 . An optical signal amplifk;ation device, comprising: 

a substantially unidirectional first amplification path tor arrplifying an in-band communications signals wave- 
length band, AXi : and 

a substantially unidirectional second amplification patii for amplifying an in-t)and communications signals 
wavelength t>and, AX2. different from AXi , 

wherein at least one of tiie first and second ampliftcation paths indudes a wavelengtti selective insertion 
loss located atong said an^W ication path for sutjstantially blocking an out-of-band optical communication sig- 
nal and for provicfing a pre-insertion foss gain and a post-insertion loss gain for an irvband optical communica- 
tion signal, fo* obtaining at least one off a target noise ffigure performance and a target output powder 
performance from the device. 

2. The device off daim 1 furtiier comprising: 

first communication signals routing means for suk)Stantially directing input said in-band AXi communteati on sig - 
nals to said first anplif ication path and amplified output said in-band AX2 communication signals to a transmis- 
sion waveguide; arxJ 

second communication signals routing means for substantially directing input sakJ in-band AA^ comnrujnication 
signals to saki second anplrfication patti and amplified output said in-band AXi communication signals to a 
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transmission waveguide. 

3. The dence of daim 1 or 2 wherein the wavelength selective insertion loss is a dielectric optical interference fflter, 
conprises a f a>er cfistrtouted Bragg reflector, is a long period grating coupler filter. 

5 

4. The dence of daim 1 or 2 wherein the wavelwgth selective insertion loss is a wavelength dependent fa>er coupler 
device induding at least one of a twisted evanescent WDM device and a multidad type WDM device. 

5. The device of daim 1 or 2 wherein at least one of the first and second anpWication paths comprises a 
10 doped optical itoer waveguide. 

6. The device of daim 5 wherein the rare earth doped optical tber waveguide is doped with ertaium. 

7. The device of daim 1 or 2 wherein at least one of the first and second anrplification paths comprises a planar ampli- 
15 tying waveguide, or at least one off the first and second amplification paths comprises a glass ceramic conrposition. 

or an oxytialide glass composition. 

8. The device of daim 1 or 2 wherein the first and second amplification paths are co-directional, or counter-directional. 

20 9. The device of daim 1 or 2 wherein the first conrmwnication signals in-band wavelength band. AX^. is from about 
1520 - 1540 nm. and the second in-band communication signals wavelength band, AXg. is from about 1540 - 1570 
nm, or wherein the first in-band communication signals wavelength band. AXi . is from about 1 540 - 1570 nm. and 
the second in-band communication signals wavelength band. AX2. is from about 1520 - 1540 nm. 

25 10. A bi-directional optical signal amplification device, comprising: 

an input/output port Ibr an optical communications signal band AXi and for an optical communications signal 
band AX2. respectively; 

an input/output port for an optical connmunications signal band AA^ and for an optical communications signal 

30 band AX.1. respectively; , 

a substantially unidirectional first amplification path for propagating and amplifying AXi as an in-band commu- 
nications signal, induding a waveguiding gain medium and a first wavelength selective insertion loss located 
along said gain medium Ibr substantially blocking propagation of an out-of-band communications signal A)^ 
along said first amplificalion path while substantially allowing propagation off in-band AXi along said ampliffica- 

35 tion path 

a substantially unidirectional second anplificalion path for propagating and amplifying AX^ as an in-band com- 
munications signal, induding a waveguiding gain medium and a second wavelength selective insertion loss 
located along said gain medium for substantially blocking propagation off an out-of-band communications sig- 
nal AXi along sakj second amplifying path while substantially allowing the propagation of in-band AX2 along 

40 said amplification path; . . 

first communication signals routing means for substantially directing input said in-band AXi communication sig- 
nals to sakJ first anplif ication path and anpliffied output said in-band 6X2 communicatron signals to a transmis- 
sion waveguide; and . . 

second communication signals routing means for substantially directing input said in-band AX2 communicaton 

45 signals to said second anpliffication path and amplified output said in-band communication signals to a 

transmission waveguide, 

wherein the location of the first wavelength selective insertion k>ss and the second wavelength selective 
insertion loss are respectively selected to provide a pre-insertion loss gain and a post-insertion loss gain for 
obtaining at least one of a target noise figure performance and a target output power performance from the 
50 device. 

1 1 A method of inproving the performance of a fiber optk^al telecommunication transmission system indudng an opti- 
cal signal amplifying device having a substantially unidirectional first gain path to an in-band signal wavelength 
band AXi and a substantially unidirectional second gain path for an in-band signal wavelength band AX2. different 
55 than AXi . corrprising the steps of: 

routing a band of input AXi optical signals to said first gain path for amplification and propagation as in-band 
AXi signals: 
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routing a band of input AA^ optical signals to said second gain path for amplification and propagation as in- 
band AX2 signals; arxl 

locating a wavelength selective filtering means having an insertion loss in at least one of tiie first gain path and 
the second gain path for blocking an out-of-band signal from propagating along said first gain path and t>eing 
anplified thereby, 

wherein a location of said insertion loss is so selected to provide a pre-insertion loss gain and a post- 
insertion loss gain in ttie respective ampfif ication path for obtaining at least one of a target noise figure perform- 
ance and a target output power performance from the device. 

1 2. The metiiod of claim 1 1 wherein routing the input in-band Ak^ and tiie input in-band AX2 signals comprises directing 
a maxinrum anrxxjnt of said signals to their respective gain paths. 

13. The metiiod of claim 1 1 wherein said wavelength selective filtering means block a maxinuim amount of out-of-band 
signals in each respective in-band anplif ication path. 

14. A tM-directional optical signal amplification device, conprising: 

a first arrplification patii having an input and an output end and inducfing a length of active fiber wavegukle 
substantially for propagating and amplifying an in-band comnuinications signals wavelengtii t>andp AXi , and a 
first wavelength selective filter focated atong the lengtii of said active fiber for substantially blocking the propa- 
gation and amplification of an out-of-band communications signals wavelengtii band, AK2 along the first ampli- 
fying path; 

a second anplification path having an input and an output end and including a length of active f ber waveguide 
suftsstantially for propagating and amplifying an in-t>and communications signals wavelength band. AX2, and a 
second wavelength selective filter located along the lengtii of said active fiber for substantially blocking tiie 
propagation and 

amplification of an out-of-band comnunications signals wavelength band. AX.1 along the second amplifying 
path: 

a first optical signal directional routing component coupled to a transmisston f ber and to one of an input and 
an output end of the first amplification path arxJ. respectively, to one of an output and an input end of saki sec- 
ond ampBfication path, for suksstantially routing the in-band optical signal to one of tiie first and the second 
amplification paths: and 

a second optical signal directional routing component coipled to the transmission fber arxl to one of an input 
and an output erKi of ttie second amplification path and, respectively, to one of an output and an input end of 
saM first anrplif ication path, for substantially routing another in-band optical signal to one of the second and tiie 
first amplification paths, respectively. 

wherein the respective locations of the first wavelengtii selective filter and tiie second wavelengtii selec- 
tive filter are selected to partition ttie gain of the active fiber to provkto at least one of a target noise figure per- 
formance and a target output power performance from the device given a respective output power performance 
and noise f igure peiformance. 
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